This review begins with a description of the trends in the incidence of and mortality from sepsis in the United States and globally. Then we discuss the known factors associated with increased risk for the development of sepsis. Finally, we discuss the limitations of the current clinical definition of sepsis and the clinical correlations of the current epidemiology of sepsis.
Introduction
While the first written description of the sepsis syndrome appears in an Egyptian papyrus circa 1600 B.C., the origin of the term sepsis comes from the Ancient Greek word sêpsis that means "putrefaction" or the "decay of organic matter" (1, 2) . The Greek word is first encountered in Homer's Iliad and was also used in the Hippocratic corpus in the 4 th century B.C. (2) . Since then over two thousand years passed before humankind first approached the etiology and prevention of this syndrome. In the 19 th century, Hungarian obstetrician Ignaz Semmelweis recognized that physician handwashing drastically decreased the incidence of puerperal sepsis on the maternity ward (2) . While Semmelweiss's theories were rejected during his lifetime, they were later unknowingly validated by Louis Pasteur and Robert Koch whose works gave birth to the germ theory of infectious diseases (2) (Figure 1 ). This pivotal achievement paved the way for further developments in defining the spectrum of sepsis syndromes and studying their impact on human life, which will be summarized in this review.
The following overview of the modern epidemiology of sepsis will begin by discussing the recent epidemiology of sepsis in the United States (US) and globally, followed by a review of the literature on the associated risk factors for sepsis and finishing with a discussion of the clinical utility of current definitions of sepsis and future directions in the field.
United States' trends in incidence and mortality from sepsis
The epidemiology of sepsis in the US has been primarily based on studies using large, administrative databases. Therefore, some initial discussion of the administrative definitions used is necessary to understand the observed variability in the estimates. Various investigators have defined sepsis cases using different combinations of diagnostic codes listed on hospital discharge records and using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) coding scheme. Table 1 summarizes details of several ICD-9-CM definitions, demonstrating that there is a wide range of the types of coding schemas used to create a case definition of severe sepsis from various infections and associated organ dysfunctions (3) (4) (5) . Various attempts have been made to assess the validity of these administrative definitions, which demonstrated the Martin definition to have sensitivity of 17-81% and specificity of 88-100% and the Angus definition to have a sensitivity of 47-50% and specificity of 92%. (5) (6) (7) . While these data support that the administrative definitions are approximating the clinical definitions of severe sepsis, other studies have revealed problems in the accuracy of these administrative definitions over time. One recent study compared the 2003-2012 trends in severe sepsis between various administrative definitions and cases defined with objective clinical data, demonstrating large increases (54-706%) in rates of severe sepsis based on administrative definitions in the absence of comparable increases in bacteremia and shock based on objective clinical data. This suggests an increase in the use of severe sepsis ICD-9-CM codes on hospital discharge documentation in the absence of objectively proven severe sepsis cases (8) . This increasing use of the sepsis codes on hospital discharges was also demonstrated in an analysis that showed an 11% increase in hospital claims with an infection code and a disproportionately higher 49% increase in hospital claims with a sepsis code from 2003-2009 (9) . Overall, these data inform us that the epidemiology of sepsis in the US is based on imperfect administrative definitions and these factors must be taken into account as we examine the estimates and trends.
Based on the methodology and years evaluated, studies examining hospital discharges to estimate the incidence and case fatality of sepsis have produced various estimates. The first published report to characterize the national epidemiology of sepsis syndromes was a 1990 Morbidity and Mortality Weekly Report from the CDC that described trends in hospital discharges with ICD-9-CM codes for septicemia (10) . From 1979 through 1987, discharges with septicemia codes increased from 74 to 176 per 100,000 persons while case fatality decreased from 31% to 25% (10) . Over a decade later, several investigators independently produced varied sepsis incidence estimates, trends and case-fatalities using different datasets and definitions (Table 1) . Applying these various definitions to a single national dataset covering 2004-2009, the average annual incidence varies widely by definition, ranging from 300 to 1,031 per 100,000 persons yet all with a similar average annual increase of 13% ( Figure 2 ) (11). Examining sepsis mortality indices, this study demonstrated similar patterns of variation. While case fatality varies up to 2-fold by administrative definition, the case fatality trends over time are similar at a 4-5% decline per year (12) . Additionally, the total incidence of mortality from severe sepsis in the US continued to increase nationally even while the case fatality decreased (numbers not reported) (11) . Another study specifically looked at sepsis-related mortality with the CDC's Multiple Causes of Death database from 1999-2005 and using a novel sepsis definition based on ICD-10 coding again demonstrated a small increases in the incidence of sepsis-related mortality over the study period from 50 to 52 per 100,000 (13) . One important note on examining sepsis deaths using the National Vital Statistics Reports, is that this report separates out septicemia codes from other infections, notably the combined influenza and pneumonia category which comprise the largest proportion of sepsis sources in the incidence studies (14) . Within the National Vital Statistics Reports' schema, influenza and pneumonia comprised the eighth leading cause of death in the US in 2011 at 17 deaths per 100,000 while septicemia does not make the top ten list for reporting (14) .
From these we can summarize some common trends. While the case fatality of severe sepsis is decreasing, the national incidence of severe sepsis cases is increasing at a larger rate. This larger increase in incident cases seems to be driving the proportionately smaller increase of total sepsis-related deaths despite the trend of improving case fatality from sepsis over the same time period. Potential reasons for the increasing incidence of severe sepsis may be an aging population, a larger number of people with disease comorbidities, greater improvements in disease-specific mortality from other competing causes of death, growing bacterial drug resistance and increasing recognition and more frequent and liberal use of sepsis codes on hospital discharges. Reasons for improving case fatality include scientific advances in care, dissemination of effective protocolized treatment and increasing inclusion of sepsis coding for non-sepsis SIRS patients and less severe sepsis patients.
In addition to incidence and mortality trends, the infection sources and causative pathogens for sepsis in the US have changed over time. From 1979 through 2000 in the US, while the proportions of hospital discharges for severe sepsis with concomitant recording pathogens increased for all classes of organisms, gram-positive bacterial infections increased the greatest with an average 26% per year, surpassing gram-negative organisms in 1987 as the predominant class of organism associated with severe sepsis (5) . Furthermore, the proportion of severe sepsis cases with concomitant fungal infections increased 207% over this 22-year time period (5) . In the year 2000, gram-positive organisms accounted for 52% of severe sepsis cases while gram-negative and fungal organisms comprised 38% and 5% of cases respectively (5) . Several reports have demonstrated the respiratory tract to be the most commonly identified (29-42%) source of infection in US sepsis, followed by either primary bacteremia or genitourinary sources depending on the study (3, (15) (16) (17) .
Global epidemiology of sepsis
The studies describing the epidemiology of sepsis outside of the US are summarized in Table 2 and in general utilize intensive care unit-based observational cohort study designs and clinical definitions rather than administrative databases and definitions. In those studies that estimate a population incidence of severe sepsis we observe a range from 38 to 110 per 100,000 persons; on the lower range of the estimates produced in the US (3) (4) (5) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) . The case fatality rates of reported severe sepsis range from 22-55% and are comparable to those observed in US studies of similar years (3-5, 18-21, 23-33) . With a few exceptions, the respiratory tract is the most common source of infection while the pathogen distribution appears variable observed in US studies (20, 26, (28) (29) (30) (34) (35) (36) (37) .
Data regarding the epidemiology of sepsis incidence from developing countries is exceedingly scarce; therefore to make estimations, this review will extrapolate from the World Health Organization (WHO) reports on causes of global mortality. While the WHO does not individually record sepsis or septicemia as a cause of death, it does report deaths due to lower respiratory tract infections, a leading cause of sepsis. From this data both the WHO Africa Region and countries designated as low-income by the World Bank disproportionately suffer higher mortality rates from lower respiratory. More specifically, in 2012 lower respiratory tract infections were the leading cause of death among low-income countries at 91 deaths per 100,000 persons, three-fold higher than the rate among highincome countries (38, 39). Additionally of the WHO geographic regions in 2012, the Africa region suffered the highest mortality rate from lower respiratory tract infections at 116 per 100,000 persons, over four-fold higher than the European Region at 24 deaths per 100,000 persons ( Figure 3 ) (38, 39). While using deaths due to lower respiratory infection as a surrogate for sepsis-related deaths is imperfect and likely underestimates measures of sepsis epidemiology, it is clear that this is large global problem with a disproportionately heavy burden on developing nations.
Factors associated with an increased incidence of sepsis
There are no longitudinal cohort studies examining pre-hospital risk factors for the subsequent development of sepsis and the below factors associated with sepsis are based on hospital cohorts and cross-sectional administrative data.
Age
• Several studies have demonstrated that older age is a risk factor for sepsis (3, 10, 18, 21, 27, 28, 40-42).
• The risk for sepsis has a bimodal age distribution, with increased age-adjusted incidences in infants that decreases through childhood to increase again in adulthood with a steep inflection upwards around 50-60 years of age (3, 27, 41).
• The average annual increases in sepsis incidence interact with age, with greatest increases in older age groups. From 1979 to 2002 in the US, the average annual increase of sepsis incidence was 20% faster in adults > 65 years old when compared to the younger group (10, 41).
Sex
• While there is some variation in the distribution of sexes in the prevalence of sepsis, male sex is consistently associated with higher incidence of sepsis (3, 5, 15, 18, 22-27, 31, 33, 37, 40, 43-45) .
• There appears to be interaction between sex and age in the incidence of severe sepsis, such that men have a similar age-adjusted incidence of women 5 years older (3, 5) .
Race
• In the US, Black race has been associated with an approximately two-fold increase in the incidence of severe sepsis when compared to Whites (5, 15, 43, 46, 47).
• The racial disparity in severe sepsis in the US is dependent on age and greatest among the 35-44 year-old age groups (5, 13, 16, 47).
• The distribution of comorbid illnesses may be different among races with some evidence that Non-whites have a higher proportion of diabetes mellitus, HIV, chronic renal failure and alcohol abuse while Whites more often have pulmonary disease and cancer (15, 16) .
• The distribution of pathogens may be different by race with some evidence that Blacks had higher rates of gram positive infections and higher rates of invasive pneumococcal disease (15, 16) .
Comorbid Conditions
• There is some evidence that individuals with a higher number of comorbid illnesses are at higher risks of sepsis (42).
• Comorbid illnesses that have been associated with sepsis include: diabetes mellitus, congestive heart failure, chronic pulmonary disease, immunosuppression, liver disease, cancer, chronic renal failure (15, 28, 33, 41, 48) • One study demonstrated that the number of high-risk organ transplantations that the institution performed was associated with a higher sepsis attack rate (40).
Geography and season
• There is evidence for increased incidences of respiratory infections, streptococcal and pneumococcal sepsis diagnoses in the winter but not other causes of septicemia (46, 49).
• In the US from 1979-1987, septicemia increased most greatly in the US West (10) . In a study of the US from 1979-2003, the West had the lowest average annual sepsis rate when compared to the South and the Northeast but was not significantly different from the Midwest (49).
• A data extraction performed for this publication shows the average annual incidence of sepsis-related mortality from 1999 to 2013 by US state, revealing higher incidence of mortality among southeastern states ( Figure 4 ).
Clinical correlations and the future of sepsis epidemiology
The current clinical definitions of sepsis syndromes have a nonlinear history and some current opinion suggests that they may be in need of revision to improve clinical utility and accuracy ( Figure 1 ) (50). By the time the American College of Chest Physicians and the Society of Critical Care Medicine (ACCP/SCCM) published the first consensus definition of sepsis syndromes in 1992, they recognized that there had been a century's worth of proliferation of various terms describing these syndromes including: "infection, bacteremia, sepsis, septicemia, septic syndrome, and septic shock" (51). In an effort to "improve [the] ability to make early bedside detection of the disease possible … [and allow] the standardization of research protocols…" the ACCP/SCCM consensus committee: 1) specified the clinical criteria for the systemic inflammatory response syndrome (SIRS); 2) defined sepsis as SIRS in the presence of a known or suspected infection; and 3) identified severe sepsis and septic shock as the potential progression of sepsis to multiple organ dysfunction and death (51). This study found that the SIRS criteria missed 1 in 8 patients with severe infections and that these missed cases were associated with substantial hospital morbidity and mortality (56). More specifically, the SIRS-negative sepsis patients still had high rates of organ failure with 42% having septic shock, 55% requiring mechanical ventilation and 12% experiencing acute renal failure and (56). Furthermore, when compared to SIRS-positive sepsis patients the SIRS-negative sepsis patients had a lower but still substantial hospital mortality (16% vs. 23%) (56). These data call into question the utility of the SIRS component of the sepsis diagnostic criteria in aiding in timely recognition and treatment of severe infections. Furthermore, this complicates our current understanding of the epidemiology of sepsis, as definitions may both overestimate the incidence of sepsis by mistakenly including noninfectious SIRS and underestimate the incidence, morbidity and mortality of severe infections by excluding these SIRS-negative infections. Such nuances serve as a cautionary reminder that the reliance on a clinical case definition that is syndromic rather than pathologically defined will likely introduce some misclassification error in epidemiological surveillance.
Despite these issues, overall the epidemiological data is encouragingly consistent in demonstrating that despite the increasing incidence of sepsis cases, there is a decreasing case fatality. While case fatality was improving before the development and dissemination of the 1992 ACCP/SCCM Consensus definitions and long before the landmark early goal directed therapy trial by Rivers et al. in 2001, it is reasonable to consider that the monumental efforts of the Surviving Sepsis Campaign to disseminate evidence-based improvements in sepsis and critical illness care have contributed to the continued improvements in case fatality (57).
The improving case fatality of sepsis also has implications for the future of research into effective sepsis therapies. As the baseline mortality of the standard care of sepsis improves, it becomes increasingly difficult to statistically demonstrate the benefit of newer therapies.
As the baseline mortality approaches 25%, sample sizes greater than 10,000 participants are required to show relative risk differences of 10%, thus making future research much more time, cost and labor intensive ( Figure 5 ). This statistical effect of decreasing case fatality from sepsis helps to contextualize the null findings of the recent trials re-examining the efficacy of early goal-directed therapy when compared to standard care a decade after the original trial (58-60).
Another inference from the epidemiology of sepsis is that while the case fatality of sepsis is decreasing, the incidence of sepsis cases continues to increase and drive a smaller, but still significant increase in national rates of sepsis-related mortality (13) . Within this context, in addition to improving the treatment of sepsis cases, the next paradigms in curbing the growing problem of sepsis may focus on identifying and treating pre-hospital risk factors for sepsis. More longitudinal studies are needed to identify high impact, corrigible pre-hospital risk factors for sepsis and the highest incidence subpopulations in which to study ambulatory interventions. In addition to exploring these general risk factors, examination of the specific risk factors mediating the racial and gender disparities in the incidence of sepsis is needed in order to take the next steps towards eliminating these inequalities.
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Key Points
• In the epidemiology of sepsis in the United States, different case definitions have produced varied results, with recent estimates of an average annual ageadjusted incidence between approximately 300 to 1,000 sepsis cases per 100,000 persons. Estimates consistently show trends towards an increasing incidence in sepsis with a decreasing case fatality.
• In the United States and globally, respiratory tract infections are consistently the most common source of sepsis while there is more variability in the microbiological distribution of common pathogens.
• While evidence regarding the epidemiology of sepsis in developing countries is scarce, they appear to have 3-to 4-fold increased incidence of mortality from sepsis-related infections.
• While data for longitudinal risk factors for sepsis is lacking, in the United States this syndrome disproportionately affects the very young and old, males, Blacks and the southeastern states. The y-axis corresponds to the years of publication of respective randomized control trials. The left-side y-axis corresponds to the reported case-fatality of the control arms of trials enrolling patients with severe sepsis or septic shock; with dots representing individual trials and the blue line representing a simple unweighted linear regression of case-fatality by year. The right-side y-axis represents the total sample size (both experimental and control arms) that would be required to show a relative mortality risk difference of 10% with a power of 90% at an alpha of 0.05 for a hypothetical experimental trial with the control arm's mortality rate estimated from the aforementioned regression of that given year. The red line is a simple plot of this total sample size calculated from the control arm's mortality estimated from the blue regression line for each year. Data from supplement of Stevenson EK, Rubenstein AR, Radin GT, Wiener RS, Walkey AJ. Two decades of mortality trends among patients with severe sepsis: a comparative metaanalysis*. Critical care medicine. 2014;42(3):625-31. This the total number of patients that stayed in ICU > 24 hours which was just one strata of the study but the one with data on sepsis density
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The cohort includes all Norwegian hospitals but an exact number is not supplied in the publication.
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This definition also included severe sepsis and septic shock.
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This refers to total number of hospitals in the study rather than intensive care units. 
